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Sir: 
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/« f/f£ Claims: 

Please amend the claims as follows. Applicant has also submitted herewith a 
strikethrough version of the claims indicating the amendments. 

1 . (Amended) A semiconductor device, comprising: 

a silicon body, in which are formed source and drain regions defining between them a 
channel region; 

a thin gate dielectric layer on the channel region and a gate on the thin gate dielectric 
layer; and 

a buried layer of a dielectric and a thin silicon layer extending between the source and 
drain regions and lying between the buried dielectric layer and the gate dielectric layer, wherein 
the thin silicon layer has an area greater than that of the gate dielectric layer so that its upper 
surface comprises two opposed zones which extend beyond the gate dielectric layer and in that 
the source and drain regions each overlap respectively, at least in part, one of said opposed zones. 

2. (Amended) The device of claim 1, wherein the buried dielectric layer extends between the 
source and drain regions. 

3. (Amended) The device of claim 1, wherein the buried dielectric layer extends over the entire 
surface of the silicon body below the source and drain regions. 

4. (Amended) The device of claim 1, wherein the device has a planar structure. 

5. (Amended) The device of claim 1, wherein the buried dielectric layer is an air-filled cavity. 

6. (Amended) The device of claim 1, wherein the buried dielectric layer is a solid material. 
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7. (Amended) The device of claim 1, wherein the device is a transistor. 

8. (Amended) A process for fabricating a device, comprising: 

forming a germanium or SiGe alloy layer on a main surface of a silicon body; 

forming a thin silicon layer on the germanium or SiGe alloy layer; 

forming a thin gate dielectric layer on the thin silicon layer; 

forming a gate on the gate dielectric layer and a hard mask on the gate; 

forming first spacers on two opposed sides of the gate and of the hard mask, wherein the 
first spacers are made of a first material; 

forming second spacers along the first spacers, wherein the second spacers are made of a 
second material different from the first material; 

etching, on each side of the second spacers, of the gate dielectric layer, of the thin silicon 
layer, and optionally of part of the germanium or SiGe alloy layer; 

selective etching of the germanium or SiGe alloy layer in order to form a tunnel; 

optionally, filling the tunnel with a solid dielectric; 

removing the second spacers in order to expose two zones on the thin silicon layer, 
wherein the two zones are located respectively on either side of the first spacers; and 

forming source and drain regions on either side of the first spacers, wherein the source 
and drain regions overlap, at least in part, the two zones. 

9. (Amended) The process of claim 8, wherein forming the source and drain regions comprises 
deposition of polycrystalline silicon by selective epitaxy in order to form polycrystalline silicon 
deposits on either side of the first spacers, wherein the polycrystalline silicon deposits are 
precursors of the source and drain regions and overlap, at least in part, the exposed zones of the 
thin silicon layer, and the method further comprising removing the gate hard mask and 
implanting a dopant in the polycrystalline silicon deposits in order to produce the source and 
drain regions. 
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10. (Amended) The process of claim 8, wherein forming the source and drain regions comprises 
deposition of a thick polycrystalline silicon encapsulating layer, forming a resin mask on the 
thick polycrystalline silicon layer, etching of the thick polycrystalline silicon layer to the desired 
shape and dimensions by means of the resin mask, removing of the resin mask, chemical- 
mechanical polishing of the thick silicon layer down to level with the gate in order to produce 
parts in the thick polycrystalline silicon layer which are intended to form the source and drain 
regions co-planar with the gate and implanting of a dopant in the parts in order to form the source 
and drain regions. 

Please add the following claims: 

11. (new) The device of claim 1, wherein the buried dielectric layer has a thickness between 
about 1 nm and about 50 nm. 

12. (new) The device of claim 1, wherein the thin silicon layer has a thickness between about 1 
nm and about 50 nm. 

13. (new) The device of claim 1, wherein a length of the two opposed zones is less than about 
100 nm. 

14. (new) The device of claim 1, wherein the thin gate dielectric layer comprises SiC>2. 

15. (new) The device of claim 1, wherein the source and drain regions lie in the same plane as the 
gate. 



16. (new) The method of claim 8, wherein the SiGe alloy layer has a germanium fraction greater 
than about 0.1. 

4 



Bois et al. 
Atty. Dkt No. 5310-04500 

17. (new) The method of claim 8, wherein etching of the gate dielectric layer, of the thin silicon 
layer, or part of the germanium or SiGe alloy layer comprises plasma etching. 

18. (new) The method of claim 8, wherein the first spacers comprise Si0 2 or Si 3 N 4 . 

19. (new) The method of claim 8, wherein the second spacers comprise SiC>2 or SisN4. 

20. (new) A semiconductor device, comprising: 

a silicon body, in which are formed source and drain regions defining between them a 
channel region; 

a thin gate dielectric layer on the channel region and a gate on the thin gate dielectric 
layer; and 

a buried layer of a dielectric and a thin silicon layer extending between the source and 
drain regions and lying between the buried dielectric layer and the gate dielectric layer, wherein 
the thin silicon layer has an area greater than that of the gate dielectric layer so that its upper 
surface comprises two opposed zones which extend beyond the gate dielectric layer and in that 
the source and drain regions each overlap respectively, at least in part, one of said opposed zones, 
and wherein the buried dielectric layer extends between the source and drain regions. 

In the Abstract: 

Please replace the abstract with the enclosed substitute sheet. Applicant has also 
submitted herewith a strikethrough version of the abstract indicating the amendments. 
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Substitute Version of Specification and Abstract 



In the Specification: 
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BACKGROUND OF THE INVENTION 



1. 



Field of the Invention 



The present invention relates in general to high-performance CMOS semiconductor 
10 devices for the rapid processing of signals and/or for low voltage/low-power 
applications, and more particularly to field-effect MOS transistors (MOSFETs). The 
novel architecture called "silicon-on-nothing" (SON) architecture combines the 
advantages of bulk and silicon-on-insulator (SOI) architectures. 

15 2. Description of the Related Art 

One of the limiting factors of conventional bulk-architecture MOSFETs is the 
substrate effect which impairs the properties of the transistor. This drawback is 
avoided in MOSFETs of silicon-on-insulator (SOI) architecture by separating the thin 
2 0 silicon film from the substrate by a buried silicon oxide layer. 

Elimination of the substrate effect in MOSFETs of fully-depleted thin SOI film 
architecture may result in an increase in the drain current. 

2 5 However, MOSFETs of ultra-thin SOI architecture suffer from a high source/drain 
(S/D) resistance because of shallow junctions limited by the thickness of the silicon 
layer and because of poor thermal conductivity. Furthermore, the cost of fabricating 
substrates of SOI architecture is high, which has limited their introduction on to the 
market. 



To remedy the drawbacks of the devices of the prior art, a semiconductor device like 
that shown in Figure 1 has been proposed. This device inlcudes a silicon substrate 10, 
3 5 in which are formed source 23 and drain 24 regions, a thin gate dielectric layer 14 on 
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the channel region and a gate 15 on the thin gate dielectric layer 14, a buried layer 22 
of a dielectric extending between the source and drain regions and a thin silicon layer 
13 lying between the buried dielectric layer 22 and the gate dielectric layer 14, 
constituting the channel region of the device between the source and drain regions 23, 
24. The buried dielectric layer 22 may consist of an air-filled cavity. 

Because of the very small thickness of the thin silicon layer 13 constituting the 
channel, lateral contact of the source 23 and drain 24 regions with this silicon layer 1 3 
is difficult to achieve. 

An embodiment includes modifying the architecture of the junctions of the device 
described above, so as to make a reliable and easily producible contact between the 
thin silicon layer constituting the channel and the source and drain regions. 

15 An embodiment also includes a process for producing such a device. 

The semiconductor device may include a silicon body, in which are formed source and 
drain regions defining between them a channel region, a thin gate dielectric layer on 
the channel region and a gate on the thin gate dielectric layer, a buried layer of a 
2 0 dielectric and a thin silicon layer extending between the source and drain regions and 
lying between the buried dielectric layer and the gate dielectric layer. The thin silicon 
layer may have an area greater than that of the gate dielectric layer so that its upper 
surface includes two opposed zones which extend beyond the gate dielectric layer, the 
source and drain regions each overlapping respectively, at least in part, one of said 

2 5 opposed zones. 

In an embodiment, the buried dielectric layer extends between the source and drain 
regions. 

3 0 In another embodiment, the buried dielectric layer extends over the entire surface of 

the silicon body under the source and drain regions. 

Furthermore, the device may be a device of planar structure, in which the surfaces of 
the source and drain regions and of the gate region on which the contacts are made, lie 
3 5 in the same plane. 
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In general, the buried dielectric layer has a thickness of 1 to 50 nm, for example 
around 10 nm. 



5 When the source and drain regions include extensions adjacent to the thin gate 
dielectric layer (for example Si02, Ta2C>5, SiaN4, AI2O3, etc.), the buried dielectric 
layer may lie below these extensions and may be adjacent to these extensions. 

The buried dielectric layer may include any appropriate solid or gaseous dielectric, but 
1 0 may be an air-filled cavity. 

The thin silicon layer forming the channel of the device has in general a thickness of 
1 to 50 nm. 

15 Contact with the thin silicon layer is obtained by removing the second spacers. The 
exposed zones of the silicon layer therefore allow the (selective) epitaxy of the source 
and drain regions to be started. The length of each of the exposed zones of the thin 
silicon layer is equal to the thickness of each of the second spacers, generally 
< 100 nm. 

20 

Another embodiment relates to a process for fabricating the semiconductor device. 

The process may include: 

the formation of a germanium or SiGe alloy layer on a main surface of a 

2 5 silicon body; 

the formation of a thin silicon layer on the germanium or SiGe layer; 
the formation of a thin gate dielectric layer on the thin silicon layer; 
the formation on the thin gate dielectric layer of a gate having an upper surface 
coated with a hard mask; 

3 0 the formation of first spacers made of a first material on two opposed sides of 

the gate and of the hard mask; 

the formation along the first spacers of second spacers made of a second 
material different from the first material; 

the etching, on each side of the second spacers, of the thin gate dielectric layer, 
3 5 of the thin silicon layer and optionally of part of the germanium or SiGe alloy layer; 
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the selective lateral etching of the germanium or SiGe alloy layer in order to 
form a tunnel; 

optionally, the filling of the tunnel with a solid dielectric; 

the removal of the second spacers in order to expose two zones on the thin 
5 silicon layer which are located respectively on either side of the first spacers; and 

the formation on either side of the first spacers of source and drain regions 
overlapping, at least in part, said zones. 

In one embodiment, the formation of the source and drain regions includes the 
10 selective epitaxy of silicon in order to form on either side of the first spacers 
polycrystalline silicon deposits (which overlap, at least in part, the exposed zones of 
the thin silicon layer and are precursors of the future source and drain regions), the 
removal of the gate hard mask and the implantation of a dopant in the polycrystalline 
silicon deposits in order to produce the source and drain regions. 

15 

In another embodiment, the formation of the source and drain regions includes the 
deposition of a thick polycrystalline silicon encapsulating layer, the formation of a 
resin mask on the thick polycrystalline silicon layer, the etching of the thick layer, the 
removal of the mask, the chemical-mechanical polishing of the thick polycrystalline 

2 0 silicon layer down to level with the gate in order to produce parts (which are intended 

to form the future source and drain regions co-planar with the gate), and the 
implantation of a dopant in these remaining parts of the thick polycrystalline silicon 
layer in order to form source and drain regions covering the exposed zones of the thin 
silicon layer. 

25 

In certain embodiments, the process includes, before the step of forming the first 
spacers, a dopant implantation step in order to form extensions of the source and drain 
regions and, after the first spacers have been formed, a dopant implantation step 
(overdoping of the source and drain regions). 

30 

SiGe alloys are well known and mention may be made of Sii_ x Ge x alloys in which 
0 < x < 1 and Sii- x - y Ge x C y alloys in which 0 < x < 0.95 and 0 < y < 0.05. 

In an embodiment, the SiGe alloys have a relatively high germanium content (x > 0. 1 

3 5 or 0.1 < x < 0.3) for better etching selectivity with respect to silicon and to SiC>2. 
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The selective removal of the germanium or of the SiGe alloy may take place by any 
known means, for example by means of an oxidizing chemistry such as a solution 
consisting of 40 ml of 70% HNO3 + 20 ml of H 2 0 2 + 5 ml of 0.5% HF, or by isotropic 
5 plasma etching. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The rest of the description refers to the appended figures which show respectively: 
10 Figure 1, a schematic sectional view of an embodiment of an SON-MOSFET 

having conventional source and drain regions; 

Figure 2, a schematic sectional view of an embodiment of an SON-MOSFET; 

Figure 3, a schematic sectional view of another embodiment of an 
SON-MOSFET; 

1 5 Figures 4a to 4i, schematic sectional views of the main steps of a method of 

implementing the process for fabricating a SON-MOSFET; and 

Figures 5a to 5i, schematic sectional views of the main steps of another method 
of implementation. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Although the description will be given for a field-effect MOS transistor 
(SON-MOSFET), it may apply to any other appropriate semiconductor device. 

2 5 Figure 2 shows a first embodiment of an SON-MOSFET, which includes, as is 

conventional, a silicon body 10 having an upper surface and source and drain regions 
23, 24 defining a channel region between them. As is also conventional, the source 
and drain regions, 23, 24 include extensions 13' located in the channel region. The 
upper surface of the body 10 is coated with a thin layer 14 of a gate dielectric, for 

3 0 example Si02, and a polycrystalline silicon gate 1 5 is formed above the channel region 

and is flanked by spacers 17, 18 made, for example, of Si3N4 or Si02. Finally, the 
structure is coated with an encapsulating material 26 and contacts 25 are provided on 
the source and drain regions 23, 24 and the gate 15. 

3 5 The structure which has just been described is a conventional MOSFET structure. 
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In the case of the SON-MOSFET, an air-filled cavity or a layer 22 of an appropriate 
solid dielectric bridges the source and drain regions 23, 24 beneath the gate 15 so as to 
isolate a thin silicon layer 13 from the rest of the silicon body 10. This thin silicon 
5 layer 13 constitutes the channel of the transistor. 

The thin silicon layer 13 generally has a thickness of 1 to 50 run. 

The thickness of the air- filled cavity or of the solid dielectric layer 22 is from 1 to 
10 50 nm or, for example, around 1 0 nm. 

In an embodiment, the thin silicon layer 13 constituting the channel has an area greater 
than the gate dielectric layer 14, so that its upper surface has two exposed zones 13a 
extending beyond the gate dielectric layer 14 on either side of the spacers 17, 18. 

15 

Also, the source and drain regions 23, 24 may include extensions 23 a, 24a each 
covering respectively, at least in part, one of the two exposed zones 13a of the thin 
silicon layer 13. 

2 0 Thus, even with extremely small thicknesses of the thin silicon layer 13, a reliable and 
sufficient contact is made between the source and drain regions 23, 24 and the thin 
silicon layer 13 constituting the channel, which may not be the case with a simple 
lateral contact. 

2 5 Figure 3 shows another embodiment of an SON-MOSFET having a planar structure, 

that is to say that the upper surfaces of the source and drain regions and of the gate, on 
which surfaces the contacts are made, lie in the same plane. 

This device differs from the device in Figure 2, apart from the planarization, only by 

3 0 the fact that the buried dielectric layer 22 extends over the entire surface of the silicon 

body 10, immediately below the source and drain regions 23, 24. 

A first method of implementing a process in order to fabricate an SON-MOSFET, like 
the one shown in Figure 2, will now be described in conjunction with Figures 4a to 4i. 

35 
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As shown in Figure 4a, the process starts with the successive deposition, by epitaxy 
(for example by chemical vapor deposition), on a silicon substrate 10, of a germanium 
or SiGe alloy layer 12, generally having a thickness of between 1 and 50 nm, and a 
thin silicon layer 13 having a thickness of 1 to 50 nm. 

5 

Next, a conventional process is used to form, as shown in Figure 4b, a gate oxide 
(Si0 2 ) layer 14 and then a polycrystalline silicon gate 15 on this gate oxide layer 14. 

Lightly doped zones 13' may then optionally be formed, by conventional ion 
10 implantation, in the thin silicon layer 13, which zones will subsequently serve to form 
the extensions of the source and drain regions. 

As shown in Figure 4b, the upper surface of the gate 1 5 may be protected by a hard 
mask 16, for example a silicon oxynitride layer, as is well known, and first spacers 17, 
15 18 made of SisN4 are formed in a known manner on the opposed side walls of the gate 
15 and of the hard mask 16. 

Second spacers 19, 20 made of Si0 2 are then formed in a conventional manner along 
the first spacers 17, 18, as shown in Figure 4c. 

20 

The gate oxide layer 14, the thin silicon layer 13 and, optionally, an upper part of the 
Ge or SiGe alloy layer 12 are then etched, for example by means of a plasma, on each 
side of the second spacers 19, 20, as shown in Figure 4d. 

2 5 At this stage, the material of the layer 12 is selectively removed in order to form a 

tunnel 21, as shown in Figure 4e. 

Although this is not necessary, the tunnel 21 may be filled with an appropriate solid 
dielectric 22. 

30 

As shown in Figure 4f, the second spacers 19, 20 and the subjacent parts of the gate 
oxide layer 14 are then removed in order to expose, on the surface of the thin silicon 
layer 13, two zones 13a located on either side of the first spacers 17, 18. 

3 5 As shown in Figure 4f , the dielectric layer 22 is removed on either side of the silicon 
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layer (deoxidation in the case of a SiC>2 layer) so as to start the epitaxy of the source 
and drain regions. 

The process then continues conventionally, as shown in Figure 4g, with the selective 
5 deposition of silicon (for example by epitaxial growth) on either side of the first 
spacers 17, 18 of polycrystalline silicon, so as to form polycrystalline silicon deposits 
23, 24. Polycrystalline silicon deposits 23, 24 are precursors of the future source and 
drain regions, each comprising an extension 23a, 24a respectively overlapping one of 
the exposed zones 13a of the surface of the thin silicon layer 13. 

10 

After the gate hard mask 16 has been removed, a dopant is implanted into the 
polycrystalline silicon deposits 23, 24 and in the gate 15 (Figure 4h). 

The completion of the device, such as the formation of contacts 25 and the possible 
1 5 encapsulation 26, takes place in a completely conventional manner (Figure 4i). 

Figures 5a to 5i show a second method of implementing a process, making it possible 
to obtain a MOSFET with a planar structure as shown in Figure 3. 

2 0 The steps of the process up to the removal of the Ge or SiGe alloy layer, which are 
shown in Figures 5a to 5e, are identical to those described in connection with 
Figures 4a to 4e, apart from the fact that the material constituting the first spacers 17, 
18 is Si0 2 and that of the second spacers 19, 20 is Si 3 N 4 . 

2 5 After the tunnel 21 has been formed, a dielectric layer 22 is deposited, this layer filling 

the tunnel and covering the junctions of the main surface of the substrate where 
subsequently the source and drain regions will be formed (Figure 5f). 

As shown in Figure 5g, the entire structure is covered with a thick polycrystalline 

3 0 silicon layer 27 and then with a resin mask 28. The thick polycrystalline silicon layer 

27 is then conventionally etched by means of the resin mask to the desired dimensions 
and geometry. 

Figure 5g shows the lateral isolation 1 1 so as to provide a reference for the etching of 
3 5 the polycrystalline silicon layer 27. For the sake of simplification, this isolation 1 1 has 
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not been shown in the other figures. 

After the resin mask 28 has been removed, a conventional chemical-mechanical 
polishing step is then carried out on the thick polycrystalline silicon layer 27 until the 
5 gate hard mask 16 has been completely removed. This produces polycrystalline silicon 
regions 23, 24 intended to form the future source and drain regions having extensions 
23a, 24a, which cover the exposed zones 13a of the thin silicon layer 13. A 
conventional dopant implantation operation is then carried out in order to produce the 
source and drain regions and the gate. 

10 

The structure obtained is a planar structure, that is to say the upper surfaces of the 
regions 23, 24 and of the gate 15 lie in the same plane. 

As shown in Figure 5i, the device is completed as previously by the conventional 
15 formation of contacts 25 and of an encapsulation 26. 

The devices, in particular the planar devices, the structure of which is similar to that of 
the SOI devices fabricated using a silicon-on^insulator substrate and their fabrication 
processes, have many advantages over these SOI devices. 

20 

Firstly, the devices may not require the use of an expensive SOI substrate, which 
usually requires a step of reducing the thickness of the silicon. 

The silicon layer in certain embodiments, being formed by epitaxy, may have an 

2 5 arbitrarily small thickness. 

Some embodiments allow very small thicknesses of the buried layer of dielectric (or 
solid material) of the order of a few nanometres, compared with hundreds of 
nanometres in the case of conventional SOI substrates, this having an advantage from 

3 0 the point of view of eliminating short-channel effects. 

Better thermal contact between the channel and the substrate is achieved, thanks to the 
buried dielectric layer and also because of the fact that this layer does not extend 
beyond the gate zone. 

35 
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The link between the thickness of the thin silicon layer and the depth of the junctions 
is eliminated, thus reducing the series resistances. 

It is also possible, by re-oxidizing the rear face of the thin silicon layer constituting the 
5 channel (after the Ge or SiGe layer has been removed) to obtain a very good 
channel/insulator surface finish. 

Finally, the problems of etching selectivity of Si with respect to Si0 2 which, in a 
conventional SOI substrate, may result in the thin oxide layer under the source and 
1 0 drain regions being punctured, are eliminated. 
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In the Abstract: 



An embodiment concerns a semiconductor device having a silicon body in which are 
formed source and drain regions that define between them a channel region, a thin gate 
5 dielectric layer, a buried layer of dielectric material extending between the source and 
drain regions, and a thin silicon layer extending between the source and drain regions 
and included between the buried dielectric material layer and the gate dielectric layer. 
The thin silicon layer may have an area greater than that of the gate dielectric layer 
such that its upper surface includes two opposite zones extending beyond the gate 
10 dielectric layer and the source and drain regions. The source and drain regions may 
each respectively overlap, at least partly, one of the two opposite zones. 
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Marked-Up Version of Amendments to Specification, Claims, and Abstract 
In the Specification: 

5 Semiconductor dev i ce combinin g the advantag e s of bulk and SOI archit e ct ures, 

and fabric ation proc e ss 
BACKGROUND OF THE INVENTION 

_L Field of the Invention 

10 

The present invention relates in general to high-performance CMOS semiconductor 
devices for the rapid processing of signals and/or for low voltage/low-power 
applications, and more particularly to field-effect MOS transistors (MOSFETs). The 
novel architecture called "silicon-on-nothing" (SON) architecture combines the 
1 5 advantages of bulk and silicon-on-insulator (SOI) architectures. 

2, Description of the Related Ail 

One of the limiting factors of conventional bulk-architecture MOSFETs is the 
2 0 substrate effect which impairs the properties of the transistor. This drawback is 
avoided in MOSFETs of silicon-on-insulator (SOI) architecture by separating the thin 
silicon film from the substrate by a buried silicon oxide layer. 

Elimination of the substrate effect in MOSFETs of fully-depleted thin SOI film 

2 5 architecture may results in an increase in the drain current. 

However, MOSFETs of ultra-thin SOI architecture suffer from a high source/drain 
(S/D) resistance because of shallow junctions limited by the thickness of the silicon 
layer and because of poor thermal conductivity. Furthermore, the cost of fabricating 

3 0 substrates of SOI architecture is high, which has limited their introduction on to the 

market. 

SUMMARY OF THE INVENTION 



35 



To remedy the drawbacks of the devices of the prior art, a semiconductor device like 
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that shown in figure Figure 1 has been proposed-. this -This device includes comprisinq 
a silicon substrate 10, in which are formed source 23 and drain 24 regions, a thin gate 
dielectric layer 14 on the channel region and a gate 15 on the thin gate dielectric layer 
14, a buried layer 22 of a dielectric extending between the source and drain regions 
5 and a thin silicon layer 13 lying between the buried dielectric layer 22 and the gate 
dielectric layer 14, constituting the channel region of the device between the source 
and drain regions 23, 24. The buried dielectric layer 22 may consist of an air-filled cavity. 

Because of the very small thickness of the thin silicon layer 13 constituting the 
10 channel, lateral contact of the source 23 and drain 24 regions with this silicon layer 13 
is difficult to achieve. 

The object of the invention is therefore to An embodiment includes modifying the 
architecture of the junctions of the device described above, so as to make a reliable 
1 5 and easily producible contact between the thin silicon layer constituting the channel 
and the source and drain regions. 

The subject of the invention is An embodiment also includes a process for producing 
such a device. 

20 

The semiconductor device according to the invention comprise s includes a silicon 
body, in which are formed source and drain regions defining between them a channel 
region, a thin gate dielectric layer on the channel region and a gate on the thin gate 
dielectric layer, a buried layer of a dielectric and a thin silicon layer extending 

2 5 between the source and drain regions and lying between the buried dielectric layer and 

the gate dielectric layer-. the- Thc thin silicon layer may having have an area greater 
than that of the gate dielectric layer so that its upper surface comprise include s two 
opposed zones which extend beyond the gate dielectric layer, the source and drain 
regions each overlapping respectively, at least in part, one of said opposed zones. 

30 

In a fi rstan embodiment of the invention , the buried dielectric layer extends between 
the source and drain regions. 

In another embodiment of the invention , the buried dielectric layer extends over the 

3 5 entire surface of the silicon body under the source and drain regions. 
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Furthermore, the device may be a device of planar structure, in which the surfaces of 
the source and drain regions and of the gate region on which the contacts are made, lie 
in the same plane. 

5 

In general, the buried dielectric layer has a thickness of 1 to 50 nm, for example 
around 10 nm. 

When the source and drain regions comprise includc extensions adjacent to the thin 
10 gate dielectric layer (for example Si0 2 , Ta 2 0 5? Si 3 N 4 , A1 2 0 3 , etc.), the buried dielectric 
layer preferably may lies below these extensions and even more preferably is may be 
adjacent to these extensions. 

The buried dielectric layer may consist o fi ncludc any appropriate solid or gaseous 
1 5 dielectric, but it is preferabl y may be an air-filled cavity. 

The thin silicon layer forming the channel of the device has in general a thickness of 
1 to 50 nm. 

2 0 Contact with the thin silicon layer is obtained by removing the second spacers-^JThe 

exposed zones of the silicon layer therefore allow the (selective) epitaxy of the source 
and drain regions to be startedT^_The length of each of the exposed zones of the thin 
silicon layer is equal to the thickness of each of the second spacers, generally 
< 100 nm. 

25 

The invention also Another embodiment relates to a process for fabricating the 
semiconductor device according to the invention . 

The process of the invention compri s es may include : 

3 0 (a)-the formation of a germanium or SiGe alloy layer on a main surface of a 

silicon body; 

(b)-the formation of a thin silicon layer on the germanium or SiGe layer; 
(e)-the formation of a thin gate dielectric layer on the thin silicon layer; 
(d)-the formation on the thin gate dielectric layer of a gate having an upper 
3 5 surface coated with a hard mask; 
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(e)-the formation of first spacers made of a first material on two opposed sides 
of the gate and of the hard mask; 

(£)-the formation along the first spacers of second spacers made of a second 
material different from the first material; 
5 (g)-the etching, on each side of the second spacers, of the thin gate dielectric 

layer, of the thin silicon layer and optionally of part of the germanium or SiGe alloy 
layer; 

(fe)-the selective lateral etching of the germanium or SiGe alloy layer in order 
to form a tunnel; 

1 0 £i)-optionally, the filling of the tunnel with a solid dielectric; 

0-the removal of the second spacers in order to expose two zones on the thin 
silicon layer which are located respectively on either side of the first spacers; and 

(k)-the formation on either side of the first spacers of source and drain regions 
overlapping, at least in part, said zones. 

15 

In a first metho d o f implementing the invention onc embodiment , the formation of the 
source and drain regions c ompri se incl udc s the selective epitaxy of silicon in order to 
form on either side of the first spacers polycrystalline silicon deposits (which overlap, 
at least in part, the exposed zones of the thin silicon layer which and are precursors of 
2 0 the future source and drain regions) and which overlap, at least in part, the exposed 
zones of the thin silicon layer , the removal of the gate hard mask and the implantation 
of a dopant in the polycrystalline silicon deposits in order to produce the source and 
drain regions. 

2 5 In a second method of implementing the invention another embodiment , the formation 

of the source and drain regions comprise include s the deposition of a thick 
polycrystalline silicon encapsulating layer, the formation of a resin mask on the thick 
polycrystalline silicon layer, the etching of the thick layer, the removal of the mask, 
the chemical-mechanical polishing of the thick polycrystalline silicon layer down to 

3 0 level with the gate in order to produce parts [which are intended to form the future 

source and drain regions co-planar with the gate)* and the implantation of a dopant in 
these remaining parts of the thick polycrystalline silicon layer in order to form source 
and drain regions covering the exposed zones of the thin silicon layer. 

3 5 Preferabl y ln certain embodiments , the process of the invention includes, before the 
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step of forming the first spacers, a dopant implantation step in order to form 
extensions of the source and drain regions and, after the first spacers have been 
formed, a dopant implantation step (overdoping of the source and drain regions). 

5 SiGe alloys are well known and mention may be made of Sii_ x Ge x alloys in which 
0 < x < 1 and Sii. x _ y Ge x C y alloys in which 0 < x < 0.95 and 0 < y < 0.05. 

Preferabl y ln an embodiment , the SiGe alloys have a relatively high germanium 
content (x > 0.1 , preferably or 0.1 < x < 0.3) for better etching selectivity with respect 
10 to silicon and to SiC>2. 

The selective removal of the germanium or of the SiGe alloy may take place by any 
known means, for example by means of an oxidizing chemistry such as a solution 
consisting of 40 ml of 70% HNO3 + 20 ml of H 2 0 2 + 5 ml of 0.5% HF, or by isotropic 
1 5 plasma etching. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The rest of the description refers to the appended figures which show respectively: 

2 0 figure -Figure 1, a schematic sectional view of an embodiment of an 

SON-MOSFET having conventional source and drain regions; 

figure- Figure 2, a schematic sectional view of an embodiment of an 

SON-MOSFET according to the inven t ion ; 

fFigure 3, a schematic sectional view of another embodiment of an 

2 5 SON-MOSFET according to the invention ; 

^Figures 4a to 4i, schematic sectional views of the main steps of a first 

method of implementing the process for fabricating a SON-MOSFET according to the 
invention ; and 

ffigures 5a to 5i, schematic sectional views of the main steps of a 

3 0 seeendanother method of implementation. 

DETAILED DESCRIPTION OF THE INVENTION 

Although the description will be given for a field-effect MOS transistor according t o 
3 5 the invention (SON-MOSFET), it may apply to any other appropriate semiconductor 
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device. 

Figure 2 shows a first embodiment of an SON-MOSFET according to the invention , 
which compriscs includes , as is conventional, a silicon body 10 having an upper 
5 surface and source and drain regions 23, 24 defining a channel region between them—.. 
As is also conventional, the source and drain regions, 23, 24 include extensions 13' 
located in the channel region^JThe upper surface of the body 10 is coated with a thin 
layer 14 of a gate dielectric, for example SiC>2, and a polycrystalline silicon gate 15 is 
formed above the channel region and is flanked by spacers 17, 18 made, for example, 
10 of SisN4 or SiC>2— ^Finally, the structure is coated with an encapsulating material 26 
and contacts 25 are provided on the source and drain regions 23, 24 and the gate 15. 

The structure which has just been described is a conventional MOSFET structure. 

15 In the case of the SON-MOSFET, an air-filled cavity or a layer 22 of an appropriate 
solid dielectric bridges the source and drain regions 23, 24 beneath the gate 15 so as to 
isolate a thin silicon layer 13 from the rest of the silicon body 10. This thin silicon 
layer 13 constitutes the channel of the transistor. 

2 0 The thin silicon layer 13 generally has a thickness of 1 to 50 nm. 

The thickness of the air-filled cavity or of the solid dielectric layer 22 is from 1 to 
50 nm , preferabl y or, for example, around 10 nm. 

2 5 According to the invention ln an embodiment , the thin silicon layer 13 constituting the 

channel has an area greater than the gate dielectric layer 14, so that its upper surface 
has two exposed zones 13a extending beyond the gate dielectric layer 14 on either side 
of the spacers 17, 18. 

3 0 Also according to the invention , the source and drain regions 23, 24 may include 

extensions 23a, 24a each covering respectively, at least in part, one of the two exposed 
zones 13a of the thin silicon layer 13. 

Thus, even with extremely small thicknesses of the thin silicon layer 13, a reliable and 
3 5 sufficient contact is made between the source and drain regions 23, 24 and the thin 
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silicon layer 13 constituting the channel, which could may not be the case with a 
simple lateral contact. 

Figure 3 shows another embodiment of an SON-MOSFET according to the invention 
5 having a planar structure, that is to say that the upper surfaces of the source and drain 
regions and of the gate, on which surfaces the contacts are made, lie in the same plane. 

This device differs from the device in fegure Figure 2, apart from the planarization, 
only by the fact that the buried dielectric layer 22 extends over the entire surface of the 
1 0 silicon body 10, immediately below the source and drain regions 23, 24. 

A first method of implementing the-a_process of the invention in order to fabricate an 
SON-MOSFET, like the one shown in figme Figure 2, will now be described in 
conjunction with fi^ure Figurc s 4a to 4i. 

15 

As shown in figureFigure 4a, the process starts with the successive deposition, by 
epitaxy (for example by chemical vapor deposition), on a silicon substrate 10, of a 
germanium or SiGe alloy layer 12, generally having a thickness of between 1 and 
50 nm, and a thin silicon layer 13 having a thickness of 1 to 50 nm. 

20 

Next, a conventional process is used to form, as shown in #gureFigure 4b, a gate 
oxide (Si02) layer 14 and then a polycrystalline silicon gate 15 on this gate oxide layer 
14. 

2 5 Lightly doped zones 131 ma y then optionally be formed, by conventional ion 

implantation, in the thin silicon layer which zones will subsequently serve to 

form the extensions of the source and drain regions. 

As shown in #gufeFigurc 4b, the upper surface of the gate 1 5 may be protected by a 

3 0 hard mask 16, for example a silicon oxynitride layer, as is well known, and first 

spacers 17, 18 made of Si3N4 are formed in a known manner on the opposed side walls 
of the gate 15 and of the hard mask 16. 

Second spacers 19, 20 made of Si02 are then formed in a conventional manner along 
3 5 the first spacers 17, 18, as shown in flgureFigurc 4c. 
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The gate oxide layer 14, the thin silicon layer 13 and, optionally, an upper part of the 
Ge or SiGe alloy layer 12 are then etched, for example by means of a plasma, on each 
side of the second spacers 19, 20, as shown in figure Figurc 4d. 

At this stage, the material of the layer 12 is selectively removed in order to form a 
tunnel 21, as shown in figure Figurc 4e. 

Although this is not necessary, the tunnel 21 may be filled with an appropriate solid 
dielectric 22. 

As shown in figure Figure 4f, the second spacers 19, 20 and the subjacent parts of the 
gate oxide layer 14 are then removed in order to expose, on the surface of the thin 
silicon layer 13, two zones 13a located on either side of the first spacers 17, 18. 

As shown in freufe Figure 4f , the dielectric layer 22 is removed on either side of the 
silicon layer (deoxidation in the case of a SiC>2 layer) so as to start the epitaxy of the 
source and drain regions. 

The process then continues conventionally, as shown in figu reFigurc 4g, with the 
selective deposition of silicon (for example by epitaxial growth) on either side of the 
first spacers 17, 18 of polycrystalline silicon, so as to form polycrystalline silicon 
deposits 23, 24 . Polycrystalline silicon deposits 23, 24 ^whieh are precursors of the 
future source and drain regions, each comprising an extension 23a, 24a respectively 
overlapping one of the exposed zones 13a of the surface of the thin silicon layer 13. 

After the gate hard mask 16 has been removed, a dopant is implanted into the 
polycrystalline silicon deposits 23, 24 and in the gate 15 (figu reFigurc 4h). 

The completion of the device, such as the formation of contacts 25 and the possible 
encapsulation 26, takes place in a completely conventional manner (figureFigurc 4i). 



Figures 5a to 5i show a second method of implementing the-aprocess of the invention , 

making it possible to obtain a MOSFET according to the invention with a planar 
structure as shown in figureFigure 3. 
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The steps of the process up to the removal of the Ge or SiGe alloy layer, which are 
shown in fig«reFigurcs 5a to 5e, are identical to those described in connection with 
flgereFigures 4a to 4e, apart from the fact that the material constituting the first 
5 spacers 17, 18 is SiC>2 and that of the second spacers 19, 20 is Si3N4. 

After the tunnel 21 has been formed, a dielectric layer 22 is deposited, this layer filling 
the tunnel and covering the junctions of the main surface of the substrate where 
subsequently the source and drain regions will be formed (figureFigure 5f). 

10 

As shown in figu mFigure 5g, the entire structure is covered with a thick 
polycrystalline silicon layer 27 and then with a resin mask 28. The thick 
polycrystalline silicon layer 27 is then conventionally etched by means of the resin 
mask to the desired dimensions and geometry. 

15 

Figure 5g shows the lateral isolation 11 so as to provide a reference for the etching of 
the polycrystalline silicon layer 27. For the sake of simplification, this isolation 11 has 
not been shown in the other figures. 

2 0 After the resin mask 28 has been removed, a conventional chemical-mechanical 
polishing step is then carried out on the thick polycrystalline silicon layer 27^ until the 
gate hard mask 16 has been completely removed^ se — as — te This produces 
polycrystalline silicon regions 23, 24 intended to form the future source and drain 
regions having extensions 23a, 24a, which cover the exposed zones 13a of the thin 

2 5 silicon layer 13. A conventional dopant implantation operation is then carried out in 

order to produce the source and drain regions and the gate. 

The structure obtained is a planar structure, that is to say the upper surfaces of the 
regions 23, 24 and of the gate 15 lie in the same plane. 

30 

As shown in figureFigure 5i, the device is completed as previously by the 
conventional formation of contacts 25 and of an encapsulation 26. 

The devices, in particular the planar devices, according to the invention, the structure 

3 5 of which is similar to that of the SOI devices fabricated using a silicon-on-insulator 
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substrate^ and their fabrication processes, have many advantages over these SOI 
devices. 

Firstly, t h ey d o the devices may not require the use of an expensive SOI substrate, 
5 which usually requires a step of reducing the thickness of the silicon. 

The silicon layer in the processes of the invention ccrtain embodiments , being formed 
by epitaxy, may have an arbitrarily small thickness. 

1 0 The process of the invention Somc embodiments allows very small thicknesses of the 
buried layer of dielectric (or solid material) of the order of a few nanometres, 
compared with hundreds of nanometres in the case of conventional SOI substrates, this 
having an advantage from the point of view of eliminating short-channel effects. 

15 Better thermal contact between the channel and the substrate is achieved, thanks to the 
buried dielectric layer and also because of the fact that this layer does not extend 
beyond the gate zone. 

The link between the thickness of the thin silicon layer and the depth of the junctions 
2 0 is eliminated, thus reducing the series resistances. 

It is also possible, by re-oxidizing the rear face of the thin silicon layer constituting the 
channel (after the Ge or SiGe layer has been removed) to obtain a very good 
channel/insulator surface finish. 

25 

Finally, the problems of etching selectivity of Si with respect to Si02 which, in a 
conventional SOI substrate, may result in the thin oxide layer under the source and 
drain regions being punctured, are eliminated. 
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/« Claims: 

1 . (Amended) A semiconductor device^ comprising! 

5 -a silicon bod y (10) , in which are formed source and drain regions (23, 24) 

defining between them a channel region-; 

a thin gate dielectric layer (44) on the channel region and a gate (15) on the 
thin gate dielectric layer- ; and 

10 

a buried layer (22) of a dielectric and a thin silicon layer (13) extending 
between the source and drain regions and lying between the buried dielectric layer 
(22) and the gate dielectric laye r ( 1 4) , characterized in that this whcrein the thin silicon 
layer (13) has an area greater than that of the gate dielectric layer (1 4 ) so that its upper 
15 surface comprises two opposed zones (13a) which extend beyond the gate dielectric 
layer (14) and in that the source and drain regions (23, 24) each overlap respectively, 
at least in part, one of said opposed zones (13a) . 

2. (Amended) The device as claimed inof claim 1, characterized in that whcrcin the 

2 0 buried dielectric layer (22) extends between the source and drain regions (23, 2 4 ) . 

3. (Amended) The device as claimed in of claim 1, characterized in tha t whcrcin the 
buried dielectric layer (22) extends over the entire surface of the silicon body f-l-G} 
below the source and drain regions (23, 21) . 

25 

4. (Amended) The device as claimed in any on e of claim s 1 — to 3 of claim 1 , 
characterized in that it whercin the device has a planar structure. 

5. (Amended) The device as claimed in any one of claims 1 to 1 of claim 1 , 

3 0 characterized in that whcrcin the buried dielectric layer (22) is an air- filled cavity. 

6. (Amended) The device a s c laim ed in any one o f claims 1 — te— 4of claim 1 , 
characterized in that whcrcin the buried dielectric layer (22) is a solid material. 

3 5 7. (Amended) The device as claimed in any one of claims 1 to 6 of claim 1 , 
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characterized in that whcrcin the device is a transistor. 

8. (Amended) A process for fabricating a device as claimed in claim 1 , 

characterized in that it comprisea comprising : 

5 (a) the formatieftng ~e£a germanium or SiGe alloy layer (43)-on a main surface 

of a silicon body-<4-Q); 

(b) the formatiennR-ef- a thin silicon layer (13) on the germanium or SiGe 
alloy laver-f^; 

feV forming the formation of a thin gate dielectric layer (14) on the thin silicon 
10 layer-^); 

(^ forming a gate the formation on the gate dielectric layer (1 4 ) of a gate (15) 
and-of 1 _the-a_hard mask (16) on the gate; 

fe)- forming the formation of first spacers (17, 18 ) made of a first material on 
two opposed sides of the gate (15) and of the hard mask , wherein the first spacers arc 
15 made of a first matcrial -H-64; 

ffV forming second spacers the formation along the first spacers , wherein the 
second spacers are (17, IS) of second spacers (19 , 20) made of a second material 
different from the first material; 

(g) the etching, on each side of the second spacers (19, 20) , of the gate 
2 0 dielectric laye r (1 4 ) , of the thin silicon layer^ (13) and optionally of part of the 

germanium or SiGe alloy layer-(42); 

(h) the selective etching of the germanium or SiGe alloy layer (12) in order to 
form a tunnel (21) ; 

(i>-optionally, the-filling e£the tunnel (24f-with a solid dielectric422); 

2 5 (j) the removaling^ef- the second spacers (19, 20) in order to expose two zones 

(13a) on the thin silicon laye r, wherein the two zones (13) which are located 
respectively on either side of the first spacers (17, 18) ; and 

Per forming source and drain regions the formation on either side of the first 
spacers , wherein the source and drain regions (17, 18) of source and drain regions (23, 
■ 3 0 24; 23a, 2 4 a) overlapping, at least in part, said -thc two zones (13a) . 

9. (Amended) The process as claimed in of claim 8, characterized in that whercin 
forming the formation of the source and drain regions (23, 24) comprises— the 
deposition of polycrystalline silicon by selective epitaxy in order to form 

3 5 polycrystalline silicon deposits on either side of the first spacers , wherein the 
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polycrystallinc silicon deposits (17, 18) polycrystalline silicon deposits which are 
precursors of the future source and drain regions and which overlap, at least in part, 
the exposed zones (13a) of the thin silicon layer (13) , and the method further 
comprising removal removing o^the gate hard mask 46-and the-implantetienng e£-a 
5 dopant in the polycrystalline silicon deposits in order to produce the source and drain 
regions. 

10. (Amended) The process as claimed in of claim 8, characterized in that wherein 
forming the formation of the source and drain regions comprises the-deposition of a 

10 thick polycrystalline silicon encapsulating layer-(27), forming the formation of a resin 
mask (28) on the thick polycrystalline silicon layer (2 7 ) , the-etching of the thick 
polycrystalline silicon layer to the desired shape and dimensions means of the 

resin mas k to the desired shape and dimensions , the removal rcmoving of the resin 
mas k (28) , the-chemical-mechanical polishing of the thick silicon layer (23) down to 

1 5 level with the gate (4-S)-in order to produce parts (23, 24) in the thick polycrystalline 
silicon layer (23) which are intended to form future the source and drain regions 
co-planar with the gate and the-implant ation ing of a dopant in said -thc p arts (23, 24) in 
order to form the source and drain regions. 
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In the Abstract: 

The inventioii A n embodiment concerns a semiconductor device comprises having a 
silicon body (10) wherein in which are formed source and drain regions that (23, 2 4 ) 
5 defining define b etween them a channel region, a thin gate dielectric layer, a buried 
layer of dielectric material (23)-extending between the source and drain regions., (35? 
24)-and a thin silicon layer (43^-extending between the source and drain regions and 
included between the buried dielectric material layer (22) and the gate dielectric layer 
(44). The invention is characterised in that said thin silicon layer (13) has may have an 
10 area greater than that of the gate dielectric layer (4)-such that its upper surface 
comprises includes two opposite zones {44)-extending beyond the gate dielectric layer 
(4)-and the source and drain regions . The source and drain regions may (8, 9) each 
respectively overlapping, at least partly, one of saki- the two opposite zones (13a) . The 
invention is appicable to transistors. 
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that shown in fig ure Fi^ure 1 has been proposed-. tfes- This device includcs comprising 
a silicon substrate 10, in which are formed source 23 and drain 24 regions, a thin gate 
dielectric layer 14 on the channel region and a gate 15 on the thin gate dielectric layer 
14, a buried layer 22 of a dielectric extending between the source and drain regions 
5 and a thin silicon layer 13 lying between the buried dielectric layer 22 and the gate 
dielectric layer 14, constituting the channel region of the device between the source 
and drain regions 23, 24. The buried dielectric layer 22 may consist of an air-filled cavity. 

Because of the very small thickness of the thin silicon layer 13 constituting the 
10 channel, lateral contact of the source 23 and drain 24 regions with this silicon layer 13 
is difficult to achieve. 

The object of the invention is therefore to An embodiment includes modifying the 
architecture of the junctions of the device described above, so as to make a reliable 
15 and easily producible contact between the thin silicon layer constituting the channel 
and the source and drain regions. 

The subject of the invention is An embodiment also includes a process for producing 
such a device. 

20 

The semiconductor device according t o the invention comprises may include a silicon 
body, in which are formed source and drain regions defining between them a channel 
region, a thin gate dielectric layer on the channel region and a gate on the thin gate 
dielectric layer, a buried layer of a dielectric and a thin silicon layer extending 

2 5 between the source and drain regions and lying between the buried dielectric layer and 

the gate dielectric layer—. the- The thin silicon layer may having have an area greater 
than that of the gate dielectric layer so that its upper surface comprioe include s two 
opposed zones which extend beyond the gate dielectric layer, the source and drain 
regions each overlapping respectively, at least in part, one of said opposed zones. 

30 

In a first an embodiment of the invention , the buried dielectric layer extends between 
the source and drain regions. 

In another embodiment of the invention , the buried dielectric layer extends over the 

3 5 entire surface of the silicon body under the source and drain regions. 
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Semiconductor device combining the advantages of bulk and SOI arch itectures, 

and fabrication process 

The present invention relates in general to high-performance CMOS semiconductor 
devices for the rapid processing of signals and/or for low voltage/low-power 
applications, and more particularly to field-effect MOS transistors (MOSFETs). The 
novel architecture called "silicon-on-nothing" (SON) architecture combines the 
advantages of bulk and silicon-on-insulator (SOI) architectures. 

One of the limiting factors of conventional bulk-architecture MOSFETs is the 
substrate effect which impairs the properties of the transistor. This drawback is 
avoided in MOSFETs of silicon-on-insulator (SOI) architecture by separating the thin 
silicon film from the substrate by a buried silicon oxide layer. 

Elimination of the substrate effect in MOSFETs of fully-depleted thin SOI film 
architecture results in an increase in the drain current. 

However, MOSFETs of ultra-thin SOI architecture suffer from a high source/drain 
2 0 (S/D) resistance because of shallow junctions limited by the thickness of the silicon 
layer and because of poor thermal conductivity. Furthermore, the cost of fabricating 
substrates of SOI architecture is high, which has limited their introduction on to the 
market. 

2 5 To remedy the drawbacks of the devices of the prior art, a semiconductor device like 

that shown in figure 1 has been proposed, this device comprising a silicon substrate 
10, in which are formed source 23 and drain 24 regions, a thin gate dielectric layer 14 
on the channel region and a gate 15 on the thin gate dielectric layer 14, a buried layer 
22 of a dielectric extending between the source and drain regions and a thin silicon 

3 0 layer 13 lying between the buried dielectric layer 22 and the gate dielectric layer 14, 

constituting the channel region of the device between the source and drain regions 23, 
24. The buried dielectric layer 22 may consist of an air-filled cavity. s 

Because of the very small thickness of the thin silicon layer 13 constituting the 
3 5 channel, lateral contact of the source 23 and drain 24 regions with this silicon layer 13 
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is difficult to achieve. 

The object of the invention is therefore to modify the architecture of the junctions of 
the device described above, so as to make a reliable and easily producible contact 
5 between the thin silicon layer constituting the channel and the source and drain 
regions. 

The subject of the invention is also a process for producing such a device. 

10 The semiconductor device according to the invention comprises a silicon body, in 
which are formed source and drain regions defining between them a channel region, a 
thin gate dielectric layer on the channel region and a gate on the thin gate dielectric 
layer, a buried layer of a dielectric and a thin silicon layer extending between the 
source and drain regions and lying between the buried dielectric layer and the gate 

15 dielectric layer, the thin silicon layer having an area greater than that of the gate 
dielectric layer so that its upper surface comprises two opposed zones which extend 
beyond the gate dielectric layer, the source and drain regions each overlapping 
respectively, at least in part, one of said opposed zones. 

2 0 In a first embodiment of the invention, the buried dielectric layer extends between the 

source and drain regions. 

In another embodiment of the invention, the buried dielectric layer extends over the 
entire surface of the silicon body under the source and drain regions. 

25 

Furthermore, the device may be a device of planar structure, in which the surfaces of 
the source and drain regions and of the gate region on which the contacts are made, lie 
in the same plane. 

3 0 In general, the buried dielectric layer has a thickness of 1 to 50 nm, for example 

around 10 nm. 

When the source and drain regions comprise extensions adjacent to the thin gate 
dielectric layer (for example Si0 2 , Ta 2 0 5 , Si 3 N 4 , A1 2 0 3 , etc.), the buried dielectric 
3 5 layer preferably lies below these extensions and even more preferably is adjacent to 
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these extensions. 

The buried dielectric layer may consist of any appropriate solid or gaseous dielectric, 
but it is preferably an air-filled cavity. 

5 

The thin silicon layer forming the channel of the device has in general a thickness of 
1 to 50 run. 

Contact with the thin silicon layer is obtained by removing the second spacers. The 
10 exposed zones of the silicon layer therefore allow the (selective) epitaxy of the source 
and drain regions to be started. The length of each of the exposed zones of the thin 
silicon layer is equal to the thickness of each of the second spacers, generally 
< 100 nm. 

15 The invention also relates to a process for fabricating the semiconductor device 
according to the invention. 

The process of the invention comprises: 

(a) the formation of a germanium or SiGe alloy layer on a main surface of a 
2 0 silicon body; 

(b) the formation of a thin silicon layer on the germanium or SiGe layer; 

(c) the formation of a thin gate dielectric layer on the thin silicon layer; 

(d) the formation on the thin gate dielectric layer of a gate having an upper 
surface coated with a hard mask; 

2 5 (e) the formation of first spacers made of a first material on two opposed sides 

of the gate and of the hard mask; 

(f) the formation along the first spacers of second spacers made of a second 
material different from the first material; 

(g) the etching, on each side of the second spacers, of the thin gate dielectric 

3 0 layer, of the thin silicon layer and optionally of part of the germanium or SiGe alloy 

layer; 

(h) the selective lateral etching of the germanium or SiGe alloy layer in order 
to form a tunnel; 

(i) optionally, the filling of the tunnel with a solid dielectric; 

3 5 (j) the removal of the second spacers in order to expose two zones on the thin 
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silicon layer which are located respectively on either side of the first spacers; and 

(k) the formation on either side of the first spacers of source and drain regions 
overlapping, at least in part, said zones. 

5 In a first method of implementing the invention, the formation of the source and drain 
regions comprises the selective epitaxy of silicon in order to form on either side of the 
first spacers polycrystalline silicon deposits which are precursors of the future source 
and drain regions and which overlap, at least in part, the exposed zones of the thin 
silicon layer, the removal of the gate hard mask and the implantation of a dopant in the 
10 polycrystalline silicon deposits in order to produce the source and drain regions. 

In a second method of implementing the invention, the formation of the source and 
drain regions comprises the deposition of a thick polycrystalline silicon encapsulating 
layer, the formation of a resin mask on the thick polycrystalline silicon layer, the 

15 etching of the thick layer, the removal of the mask, the chemical-mechanical polishing 
of the thick polycrystalline silicon layer down to level with the gate in order to 
produce parts which are intended to form the future source and drain regions co-planar 
with the gate and the implantation of a dopant in these remaining parts of the thick 
polycrystalline silicon layer in order to form source and drain regions covering the 

2 0 exposed zones of the thin silicon layer. 

Preferably, the process of the invention includes, before the step of forming the first 
spacers, a dopant implantation step in order to form extensions of the source and drain 
regions and, after the first spacers have been formed, a dopant implantation step 

2 5 (overdoping of the source and drain regions). 

SiGe alloys are well known and mention may be made of Sii_ x Ge x alloys in which 
0 < x < 1 and Sii. x . y Ge x C y alloys in which 0 < x < 0.95 and 0 < y < 0.05. 

3 0 Preferably, the SiGe alloys have a relatively high germanium content (x>0.1, 

preferably 0.1 <x < 0.3) for better etching selectivity with respect to silicon and to 
Si0 2 . 

The selective removal of the germanium or of the SiGe alloy may take place by any 
3 5 known means, for example by means of an oxidizing chemistry such as a solution 
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consisting of 40 ml of 70% HNO3 + 20 ml of H 2 0 2 + 5 ml of 0.5% HF, or by isotropic 
plasma etching. 

The rest of the description refers to the appended figures which show respectively: 
5 - figure 1, a schematic sectional view of an embodiment of an 

SON-MOSFET having conventional source and drain regions; 

figure 2, a schematic sectional view of an embodiment of an 
SON-MOSFET according to the invention; 

figure 3, a schematic sectional view of another embodiment of an 
1 0 SON-MOSFET according to the invention; 

figures 4a to 4i, schematic sectional views of the main steps of a first 
method of implementing the process for fabricating a SON-MOSFET according to the 
invention; and 

figures 5a to 5i, schematic sectional views of the main steps of a second 
1 5 method of implementation. 

Although the description will be given for a field-effect MOS transistor according to 
the invention (SON-MOSFET), it may apply to any other appropriate semiconductor 
device. 

20 

Figure 2 shows a first embodiment of an SON-MOSFET according to the invention, 
which comprises, as is conventional, a silicon body 10 having an upper surface and 
source and drain regions 23, 24 defining a channel region between them. As is also 
conventional, the source and drain regions, 23, 24 include extensions 13' located in 
2 5 the channel region. The upper surface of the body 10 is coated with a thin layer 14 of a 
gate dielectric, for example Si02, and a polycrystalline silicon gate 15 is formed above 
the channel region and is flanked by spacers 17, 18 made, for example, of SisN4 or 
Si02. Finally, the structure is coated with an encapsulating material 26 and contacts 25 
are provided on the source and drain regions 23, 24 and the gate 15. 



30 



The structure which has just been described is a conventional MOSFET structure. 



In the case of the SON-MOSFET, an air-filled cavity or a layer 22 of an appropriate 
solid dielectric bridges the source and drain regions 23, 24 beneath the gate 15 so as to 
3 5 isolate a thin silicon layer 13 from the rest of the silicon body 10. This thin silicon 
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layer 1 3 constitutes the channel of the transistor. 

The thin silicon layer 13 generally has a thickness of 1 to 50 nm. 

5 The thickness of the air-filled cavity or of the solid dielectric layer 22 is from 1 to 
50 nm, preferably around 10 nm. 

According to the invention, the thin silicon layer 13 constituting the channel has an 
area greater than the gate dielectric layer 14, so that its upper surface has two exposed 
10 zones 13a extending beyond the gate dielectric layer 14 on either side of the spacers 17, 
18. 

Also according to the invention, the source and drain regions 23, 24 include extensions 
23a, 24a each covering respectively, at least in part, one of the two exposed zones 13a 
15 of the thin silicon layer 13. 

Thus, even with extremely small thicknesses of the thin silicon layer 13, a reliable and 
sufficient contact is made between the source and drain regions 23, 24 and the thin 
silicon layer 13 constituting the channel, which could not be the case with a simple 

2 0 lateral contact. 

Figure 3 shows another embodiment of an SON-MOSFET according to the invention 
having a planar structure, that is to say that the upper surfaces of the source and drain 
regions and of the gate, on which surfaces the contacts are made, lie in the same plane. 

25 

This device differs from the device in figure 2, apart from the planarization, only by 
the fact that the buried dielectric layer 22 extends over the entire surface of the silicon 
body 10, immediately below the source and drain regions 23, 24. 

3 0 A first method of implementing the process of the invention in order to fabricate an 

SON-MOSFET, like the one shown in figure 2, will now be described in conjunction 
with figures 4a to 4i. 

As shown in figure 4a, the process starts with the successive deposition, by epitaxy 
3 5 (for example by chemical vapor deposition), on a silicon substrate 10, of a germanium 
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or SiGe alloy layer 12, generally having a thickness of between 1 and 50 nm, and a 
thin silicon layer 13 having a thickness of 1 to 50 nm. 

Next, a conventional process is used to form, as shown in figure 4b, a gate oxide 
5 (SiCh) layer 14 and then a polycrystalline silicon gate 15 on this gate oxide layer 14. 

Lightly doped zones 13 may then optionally be formed, by conventional ion 
implantation, in the thin silicon layer 17, which zones will subsequently serve to form 
the extensions of the source and drain regions. 

10 

As shown in figure 4b, the upper surface of the gate 15 may be protected by a hard 
mask 16, for example a silicon oxynitride layer, as is well known, and first spacers 17, 
18 made of Si3N4 are formed in a known manner on the opposed side walls of the gate 
15 and of the hard mask 16. 

15 

Second spacers 19, 20 made of Si0 2 are then formed in a conventional manner along 
the first spacers 17, 18, as shown in figure 4c. 

The gate oxide layer 14, the thin silicon layer 13 and, optionally, an upper part of the 

2 0 Ge or SiGe alloy layer 12 are then etched, for example by means of a plasma, on each 

side of the second spacers 19, 20, as shown in figure 4d. 

At this stage, the material of the layer 12 is selectively removed in order to form a 
tunnel 21, as shown in figure 4e. 

25 

Although this is not necessary, the tunnel 21 may be filled with an appropriate solid 
dielectric 22. 

As shown in figure 4f, the second spacers 19, 20 and the subjacent parts of the gate 

3 0 oxide layer 14 are then removed in order to expose, on the surface of the thin silicon 

layer 13, two zones 13a located on either side of the first spacers 17, 18. 

As shown in figure 4f , the dielectric layer 22 is removed on either side of the silicon 
layer (deoxidation in the case of a SiC>2 layer) so as to start the epitaxy of the source 
3 5 and drain regions. 
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The process then continues conventionally, as shown in figure 4g, with the selective 
deposition of silicon (for example by epitaxial growth) on either side of the first 
spacers 17, 18 of polycrystalline silicon, so as to form polycrystalline silicon deposits 
5 23, 24 which are precursors of the future source and drain regions, each comprising an 
extension 23a, 24a respectively overlapping one of the exposed zones 13a of the 
surface of the thin silicon layer 13. 

After the gate hard mask 16 has been removed, a dopant is implanted into the 
10 polycrystalline silicon deposits 23, 24 and in the gate 15 (figure 4h). 

The completion of the device, such as the formation of contacts 25 and the possible 
encapsulation 26, takes place in a completely conventional manner (figure 4i). 

15 Figures 5a to 5i show a second method of implementing the process of the invention, 
making it possible to obtain a MOSFET according to the invention with a planar 
structure as shown in figure 3. 

The steps of the process up to the removal of the Ge or SiGe alloy layer, which are 
2 0 shown in figures 5a to 5e, are identical to those described in connection with 
figures 4a to 4e, apart from the fact that the material constituting the first spacers 17, 
18 is Si02 and that of the second spacers 19, 20 is SisN4. 

After the tunnel 21 has been formed, a dielectric layer 22 is deposited, this layer filling 

2 5 the tunnel and covering the junctions of the main surface of the substrate where 

subsequently the source and drain regions will be formed (figure 5f). 

As shown in figure 5g, the entire structure is covered with a thick polycrystalline 
silicon layer 27 and then with a resin mask 28. The thick polycrystalline silicon layer 

3 0 27 is then conventionally etched by means of the resin mask to the desired dimensions 

and geometry. 

Figure 5g shows the lateral isolation 11 so as to provide a reference for the etching of 
the polycrystalline silicon layer 27. For the sake of simplification, this isolation 1 1 has 
3 5 not been shown in the other figures. 
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After the resin mask 28 has been removed, a conventional chemical-mechanical 
polishing step is then carried out on the thick polycrystalline silicon layer 27, until the 
gate hard mask 16 has been completely removed, so as to produce polycrystalline 
5 silicon regions 23, 24 intended to form the future source and drain regions having 
extensions 23a, 24a, which cover the exposed zones 13a of the thin silicon layer 13. A 
conventional dopant implantation operation is then carried out in order to produce the 
source and drain regions and the gate. 

10 The structure obtained is a planar structure, that is to say the upper surfaces of the 
regions 23, 24 and of the gate 15 lie in the same plane. 

As shown in figure 5i, the device is completed as previously by the conventional 
formation of contacts 25 and of an encapsulation 26. 

15 

The devices, in particular the planar devices, according to the invention, the structure 
of which is similar to that of the SOI devices fabricated using a silicon-on-insulator 
substrate, and their fabrication processes, have many advantages over these SOI 
devices. 

20 

Firstly, they do not require the use of an expensive SOI substrate, which usually 
requires a step of reducing the thickness of the silicon. 

The silicon layer in the processes of the invention, being formed by epitaxy, may have 

2 5 an arbitrarily small thickness. 

The process of the invention allows very small thicknesses of the buried layer of 
dielectric (or solid material) of the order of a few nanometres, compared with 
hundreds of nanometres in the case of conventional SOI substrates, this having an 

3 0 advantage from the point of view of eliminating short-channel effects. 

Better thermal contact between the channel and the substrate is achieved, thanks to the 
buried dielectric layer and also because of the fact that this layer does not extend 
beyond the gate zone. 

35 
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The link between the thickness of the thin silicon layer and the depth of the junctions 
is eliminated, thus reducing the series resistances. 

It is also possible, by re-oxidizing the rear face of the thin silicon layer constituting the 
5 channel (after the Ge or SiGe layer has been removed) to obtain a very good 
channel/insulator surface finish. 

Finally, the problems of etching selectivity of Si with respect to SiC>2 which, in a 
conventional SOI substrate, may result in the thin oxide layer under the source and 
1 0 drain regions being punctured, are eliminated. 
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CLAIMS 

1. A semiconductor device comprising a silicon body (10), in which are formed source 
and drain regions (23, 24) defining between them a channel region, a thin gate 

5 dielectric layer (14) on the channel region and a gate (15) on the thin gate dielectric 
layer, a buried layer (22) of a dielectric and a thin silicon layer (13) extending between 
the source and drain regions and lying between the buried dielectric layer (22) and the 
gate dielectric layer (14), characterized in that this silicon layer (13) has an area 
greater than that of the gate dielectric layer (14) so that its upper surface comprises 
1 0 two opposed zones (13a) which extend beyond the gate dielectric layer (14) and in that 
the source and drain regions (23, 24) each overlap respectively, at least in part, one of 
said opposed zones (13a). 

2. The device as claimed in claim 1, characterized in that the buried dielectric layer 
15 (22) extends between the source and drain regions (23, 24). 

3. The device as claimed in claim 1, characterized in that the buried dielectric layer 
(22) extends over the entire surface of the silicon body (10) below the source and drain 
regions (23, 24). 

20 

4. The device as claimed in any one of claims 1 to 3, characterized in that it has a 
planar structure. 

5. The device as claimed in any one of claims 1 to 4, characterized in that the buried 

2 5 dielectric layer (22) is an air-filled cavity. 

6. The device as claimed in any one of claims 1 to 4, characterized in that the buried 
dielectric layer (22) is a solid material. 

3 0 7. The device as claimed in any one of claims 1 to 6, characterized in that the device is 

a transistor. 

8. A process for fabricating a device as claimed in claim 1, characterized in that it 
comprises: 

3 5 (a) the formation of a germanium or SiGe alloy layer (12) on a main surface of 
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a silicon body (10); 

(b) the formation of a thin silicon layer (13) on the germanium or SiGe layer 

(12); 

(c) the formation of a thin gate dielectric layer (14) on the thin silicon layer 

5 (13); 

(d) the formation on the gate dielectric layer (14) of a gate (15) and of the hard 
mask (16) on the gate; 

(e) the formation of first spacers (17, 18) made of a first material on two 
opposed sides of the gate (15) and of the hard mask (16); 

10 (f)the formation along the first spacers (17, 18) of second spacers (19, 20) 

made of a second material different from the first material; 

(g) the etching, on each side of the second spacers (19, 20), of the gate 
dielectric layer (14), of the thin silicon layer (13) and optionally of part of the 
germanium or SiGe alloy layer (12); 
15 (h) the selective etching of the germanium or SiGe alloy layer (12) in order to 

form a tunnel (21); 

(i) optionally, the filling of the tunnel (21) with a solid dielectric (22); 
(j) the removal of the second spacers (19, 20) in order to expose two zones 
(13a) on the thin silicon layer (13) which are located respectively on either side of the 
2 0 first spacers (17, 18); and 

(k) the formation on either side of the first spacers (17, 18) of source and drain 
regions (23, 24; 23a, 24a) overlapping, at least in part, said zones (13a). 

9. The process as claimed in claim 8, characterized in that the formation of the source 

2 5 and drain regions (23, 24) comprises the deposition of polycrystalline silicon by 

selective epitaxy in order to form on either side of the first spacers (17, 18) 
polycrystalline silicon deposits which are precursors of the future source and drain 
regions and which overlap, at least in part, the exposed zones (13a) of the thin silicon 
layer (13), the removal of the gate hard mask 16 and the implantation of a dopant in 

3 0 the polycrystalline silicon deposits in order to produce the source and drain regions. 

10. The process as claimed in claim 8, characterized in that the formation of the source 
and drain regions comprises the deposition of a thick polycrystalline silicon 
encapsulating layer (27), the formation of a resin mask (28) on the thick 

3 5 polycrystalline silicon layer (27), the etching of the thick polycrystalline silicon layer 
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(27) by means of the mask to the desired shape and dimensions, the removal of the 
resin mask (28), the chemical-mechanical polishing of the thick silicon layer (23) 
down to level with the gate (15) in order to produce parts (23, 24) in the thick 
polycrystalline silicon layer (23) which are intended to form future source and drain 
5 regions co-planar with the gate and the implantation of a dopant in said parts (23, 24) 
in order to form the source and drain regions. 
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ABSTRACT 

The invention concerns a semiconductor device comprises a silicon body (10) wherein 
are formed source and drain regions (23, 24) defining between them a channel region, 
5 a thin gate dielectric layer, a buried layer of dielectric material (22) extending between 
the source and drain regions (23, 24) and a thin silicon layer (13) extending between 
the source and drain regions and included between the buried dielectric material layer 
(22) and the gate dielectric layer (14). The invention is characterised in that said thin 
silicon layer (13) has an area greater than that of the gate dielectric layer (4) such that 
10 its upper surface comprises two opposite zones (13) extending beyond the gate 
dielectric layer (4) and the source and drain regions (8, 9) each respectively 
overlapping, at least partly, one of said opposite zones (13a). The invention is 
appicable to transistors. 
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